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12M arranged in the periphery of a steering wheel rotary shaft Hs coupled to the main 
hydraulic fluid supplying device to detect a steering wheel angle in accordance with a 
rotational position of the steering wheel. 
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CLAIM + DETAILED DESCRIPTION 



[Claim(s)] 

[Claim 1] It is the control unit for power-steering equipment used in the power-steering 
equipment possessing the oil pressure cylinder which steers a steering wheel according to 
rotation of a handle, and the tire angle sensor which detects the tire angle of said steering wheel. 
The main operation oil feed unit which combines with the axis of rotation of said handle at an 
attachment-and-detachment type, and supplies **** according to the amount of rotation 
operations of this handle to said oil pressure cylinder, In order to provide the amendment oil feed 
unit which supplies the amendment oil for amending the drive of said oil pressure cylinder 
according to a control signal and to detect the handle angle according to the rotation position of 
said handle further The handle angle detector arranged around the handle axis of rotation 
combined with said main operation oil feed unit, It is based on the handle angle detected with 
said handle angle detector, and the tire angle detected by said tire angle sensor. The control 
signal which amends a gap of the correspondence relation between this handle angle and this tire 
angle is generated. The control circuit equipment which controls supply of said amendment oil by 
said amendment oil feed unit according to this control signal is attached to HAUNJINGU of said 
main operation oil feed unit The control unit for power-steering equipment characterized by 
making this handle angle detector and control circuit equipment unite with said main operation oil 
feed unit 

[Claim 2] It is the control unit for power-steering equipment according to claim t arranged 
[ arrange / said handle angle detector / around the handle axis insertion hole for handle axis-of- 
rotation attachment in said main operation oil feed unit ] by said control circuit equipment 
approaching said handle angle detector. 

[Claim 3] The control unit for power-steering equipment according to claim 2 with which the 
circuit board of said control circuit equipment is prolonged to the part corresponding to 
arrangement of said handle angle detector, this handle angle detector is arranged on the circuit 
board of said control circuit equipment, and this handle angle detector and control circuit 
equipment are unified, 

[Claim 4] A means by which said control circuit equipment learns all the steering ranges of this 
steering wheel based on the tire angle detection signal of said steering wheel, A means to learn 
the rotation range of this handle corresponding to all the steering ranges of said steering wheel 
based on the handle angle detection signal according to the rotation position of said handle, A 
means to ask for the 1st correction data about the right steering direction of said steering 
wheel and the 2nd correction data about the left steering direction based on all the steering 
ranges of said learned steering wheel, and the rotation range of said handle corresponding to 
this, respectively, At least one side of the present tire angle detection signal and a handle angle 
detection signal is corrected by the said 1 st or 2nd correction data according to the present 
steering direction of said steering wheel. The control unit for power-steering equipment 
according to claim 1 to 3 which includes a means to generate said control signal, according to 
the deviation of this tire angle detection signal and a handle angle detection signal. 
[Claim 5] A means to be a handle angle amendment system in the power-steering equipment 
possessing the hydraulic system which steers a steering wheel according to rotation of a handle, 
and to learn all the steering ranges of this steering wheel based on the tire angle detection signal 
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of said steering wheel A means to learn the rotation range of this handle corresponding to at! 
the steering ranges of said steering wheel based on the handle angle detection signal according 
to the rotation position of said handle, A means to ask for the 1 st correction data about the right 
steering direction of said steering wheel, and the 2nd correction data about the left steering 
direction based on all the steering ranges of said learned steering wheel, and the rotation range 
of said handle corresponding to this, respectively, At least one side of the present tire angle 
detection signal and a handle angle detection signal is corrected by the said 1st or 2nd 
correction data according to the present steering direction of said steering wheel. The handle 
angle amendment system equipped with a means to amend steering of said steering wheel, 
according to the deviation of this tire angle detection signal and a handle angle detection signal. 
[Claim 6] The handle angle amendment system according to claim 5 further equipped with the 
means which carries out increase and decrease of the amount of steering amendments of said 
steering wheel according to said deviation of change by study. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power-steering equipment for vehicles, and 
especially a steering wheel according to the rotation position of a handle A predetermined 
steering angle It is related with the control unit for power-steering equipment suitable for drive 
control of the oil pressure cylinder (steering cylinder) steered (for a steering angle to be 
hereafter called tire angle for convenience). Moreover, in the power-steering equipment for 
vehicles, the handle angle amendment system which amends a gap of correspondence-related 
[ of the handle angle and the tire angle of a steering wheel according to the rotation position of 
the handle ] is started. It is related with a handle angle amendment system suitable for the 
vehicles with which the rotation range of a handle differs from the steering range of a steering 
wheel especially, 
[0002] 

[Description of the Prior Art] Power-steering equipment is formed in industrial truck, such as a 
forklift, so that handle operation can be performed lightly. The power-steering equipment of total 
oil which supplies **** according to the amount of rotation operations of the handle to a 
steering cylinder in an operation oil supply unit as power-steering equipment, and steers a 
steering wheel is known. 

[0003] Therefore in above power-steering equipment, **** supplied to a steering cylinder in an 
operation oil supply unit may change to the revolving speed of a handle. For example, when the 
revolving speed of a handle is comparatively slow, there is a tendency for **** supplied to a 
steering cylinder to decrease. In this case, the problem that a gap occurs in the correspondence 
relation of the handle angle and the tire angle of a steering wheel according to the amount of 
rotation operations of the actual handle arises. Moreover, **** which should be supplied to a 
steering cylinder in an operation oil supply unit etc. may leak, and the above-mentioned problem 
and the same problem may arise also in this case. 

[0004] So, generally with power-steering equipment, amending a gap of correspondence-related 
[ of the handle angle and the tire angle of a steering wheel according to the amount of rotation 
operations of the handle ] is performed. As this kind of power-steering equipment, what was 
shown in JP,H10~181626A, JP,H10-287258,A, etc. is known conventionally. For example, with 
the equipment shown in JP.H1 0-1 81 626, A, a handle angle sensor detects the handle angle 
according to the rotation position of the handle, it goes out and an angle sensor detects the 
piece angle (tire angle) of the steering wheel at that time. By a controller, based on the piece 
angle of a steering wheel, the target handle angle which is a regular handle angle is searched for 
on the map for handle angle amendment, and when the deviation of this target handle angle and a 
handle angle exceeds tolerance level, an efectromagnetism change-over valve is opened. By this, 
a part of **** which should be supplied to a steering cylinder is refluxed through an 
electromagnetism change-over valve from the OBITTO roll (registered trademark) which is an 
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operation oil supply unit. It enables it to race a handle by decreasing the change rate of a 
steering cylinder to the amount of rotation operations of a handle. That is, position amendment 
of a handle is performed until it shifts because a handle races, and quantity is settled in 
tolerance level 
[0005] 

[Problem to be solved by the invention] The handle angle sensor, the OBITTO roll, the controller, 
the electromagnetism change-over valve, etc. consist of above-mentioned conventional power- 
steering equipment as one independent unit, respectively. For this reason, each unit had to be 
dealt with separately and handling was troublesome. Moreover, since the map for handle angle 
amendment created based on the rotation range of a handle and the steering range of a steering 
wheel in the vehicles for application is beforehand stored in a controller with the above- 
mentioned equipment There was a problem of being applicable only to the vehicles of the same 
type of a car with which the rotation range of a handle and the steering range of a steering 
wheel are common. 

[0006] In view of the above-mentioned point, it succeeded in this invention, and it tends to offer 
the control unit for hydraulic power-steering equipment which improved handling nature. 
Moreover, it is going to offer the handle angle amendment system in power-steering equipment 
applicable to the vehicles with which the rotation range of a handle differs from the steering 
range of a steering wheel 
[0007] 

[Means for solving problem] [ the control unit for power-steering equipment concerning this 
invention ] It is the control unit for power-steering equipment used in the power-steering 
equipment possessing the oil pressure cylinder which steers a steering wheel according to 
rotation of a handle, and the tire angle sensor which detects the tire angle of said steering wheel. 
The main operation oil feed unit which combines with the axis of rotation of said handle at an 
attachment-and-detachment type, and supplies **** according to the amount of rotation 
operations of this handle to said oil pressure cylinder. In order to provide the amendment oil feed 
unit which supplies the amendment oil for amending the drive of said oil pressure cylinder 
according to a control signal and to detect the handle angle according to the rotation position of 
said handle further The handle angle detector arranged around the handle axis of rotation 
combined with said main operation oil feed unit, It is based on the handle angle detected with 
said handle angle detector, and the tire angle detected by said tire angle sensor. Generate the 
control signal which amends a gap of the correspondence relation between this handle angle and 
this tire angle, and the control circuit equipment which controls supply of said amendment oil by 
said amendment oil feed unit according to this control signal is attached to HAUNJINGU of said 
main operation oil feed unit. It is characterized by making this handle angle detector and control 
circuit equipment unite with said main operation oil feed unit. Since a handle angle detector and 
control circuit equipment can be dealt with as one unit by using the main operation oil feed unit 
as the main constituent factor according to this, improvement in handling nature can be aimed 
at« 

[0008] [ moreover, the handle angle amendment system concerning this invention ] A means to 
be a handle angle amendment system in the power-steering equipment possessing the hydraulic 
system which steers a steering wheel according to rotation of a handle, and to learn all the 
steering ranges of this steering wheel based on the tire angle detection signal of said steering 
wheel, A means to learn the rotation range of this handle corresponding to all the steering 
ranges of said steering wheel based on the handle angle detection signal according to the 
rotation position of said handle, A means to ask for the 1st correction data about the right 
steering direction of said steering wheel, and the 2nd correction data about the left steering 
direction based on all the steering ranges of said learned steering wheel, and the rotation range 
of said handle corresponding to this, respectively, At least one side of the present tire angle 
detection signal and a handle angle detection signal is corrected by the said 1 st or 2nd 
correction data according to the present steering direction of said steering wheel, and it has a 
means to amend steering of said steering wheel, according to the deviation of this tire angle 
detection signal and a handle angle detection signal. According to this, all the steering ranges of 
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a steering wheel and the rotation range of the. handle- corresponding- to this are learned. At least 
one side of the present tire angle detection signal and a handle angle detection signal is 
corrected by the 1 st or 2nd correction data according to the present steering direction of the' ■ 
steering wheel Since steering of a steering wheel is amended according to the deviation of this 
tire angle detection signal and a handle angle detection signal, it can apply to the vehicles with 
which the rotation range of a handle differs from the steering range of a steering wheel, and a 
gap -of correspondence-related [ of the handle angle and the tire angle of a steering wheel 
according to the rotation position of the handle ] can be amended. 
[0009] 

[Mode for carrying out the invention] With reference to an accompanying drawing, the form of 
operation of this invention is explained in detail. The form of this operation explains the case 
where the control unit and handle angle amendment system concerning this invention are applied 
to the vehicles with which the rotation range of a handle differs from the steering range of a 
steering wheel by a type of a car. for example like industrial truck, such as a forklift. Drawing 1 
shows an example of the outline composition of hydraulic power-steering equipment equipped 
with the control unit concerning this invention. . 

[0010] The control unit 1 with which power-steering equipment was connected with the handle 
axis (steering shaft) Hs of Handle H in drawing 1 , With the steering cylinder 2 which drives the 
steering wheels T1 and T2 on either side through steering gear A, while is arbitrary and the tire 
angle sensor 3 which detects the tire angle of a steering wheel (seeing from the Handle H side in 
the example of a figure left-hand side steering wheel T1) is included. The control unit 1 
possesses the OBITTO roll 1 1 which is the main operation oil feed unit, and this OBITTO roll 1 1 
is connected to the oil pressure cylinder 2 prepared in steering gear A through the oil pressure 
line L1 and L2. 

[001 1] In steering gear A, left steering **** A1 is connected with the left end of the axle A3 free 
[ rotation ] through the kingpin A4, and right steering **** A2 is connected with the right end of 
this axle A3 free [ rotation ] through the kingpin A5. The left steering wheel T1 is attached to 
one end of left steering **** At , and one piston rod two R1 of the oil pressure cylinder 2 is 
connected with the other end through the articulated section material A6. The right steering 
wheel T2 is attached to one end of right steering **** A2, and the piston rod two R2 of another 
side of the oil pressure cylinder 2 is connected with the other end through the articulated 
section material A7. [ that each rod two R1 of the oil pressure cylinder 2 and two R2 see from 
the Handle H side, and move leftward / L / in this steering gear A ] Left steering **** A1 and 
the right steering wheel A2 rotate in this direction L to an axle A3 with a pin A4 and A5, 
respectively, and, therefore, the left steering wheel T1 and the right steering wheel T2 are 
steered leftward [ L ]. Moreover, left steering **** A1 and the right steering wheel A2 rotate in 
this direction R to an axle A3 with a pin A4 and A5, respectively, and, therefore, the left steering 
wheel T1 and the right steering wheel T2 are steered rightward [ R ] because each rod two R1 of 
a cylinder 2 and two R2 see from the Handle H side and move rightward [ R ]. 
[001 2] The tire angle sensor 3 consists of POTENSHON meter, and is attached to the kingpin 
A4 by the side of left steering **** A1. This tire angle sensor 3 detects the amount of rotation 
of a kingpin A4 r and outputs tire angle detection signal thetaT of the analogs (for example, 
voltage value etc.) according to this amount of rotation to the position conversion part 13B 
shown in drawing 6 . 

[0013] Drawing 2 shows an example of the appearance form of the control unit 1, and (A) is the 
top view of the control unit 1 seen from the handle H side shown in drawing 1 , and partial notch 
******** of the control unit 1 which (B) shows to (A). In drawing 2 (A) and (B), the control unit 
1 contains the OBITTO roll 11, the handle angle detector 12M of the handle angle sensor 12, a 
controller 13, the solenoid valve 14 that is an amendment oil feed unit, etc. It is attached to the 
state where the handle angle detector 1 2M and the controller 1 3 were united with the upper 
surface by the side of Handle H through the proper protection member 1 1 B by the housing 1 1 A ■ 
of the OBITTO roll 11. The handle axis insertion hole 1 1C for handle axis-of-rotation attachment 
is formed in the protection member 11B, the handle angle detector 12M is arranged around this 
insertion hole 1 1C t this detector 12M is approached and the controller 13 is arranged. In addition, 
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the handle angle detector 12M possesses ringHike the stator part 12S, Coils 12A-12D, etc, as 
shown in drawing 5 . A controller 1 3 possesses MPU which is not illustrated, the circuit board 
13P which consists of a ROM, RAM, etc., etc. The circuit board 13P is prolonged to the part 
corresponding to arrangement of the handle angle detector 1 2M from the upper part of the 
solenoid valve 14 attached to the side of Housing 1 1 A, and the handle angle detector 12M is 
arranged on this board 13P. In addition, it connects with the tire angle sensor 3 shown in a. 
controller 13 at a solenoid valve 14 or dr awin g 1 electrically through a signal wire C In the figure, 
a signal wire C is a signal wire for solenoid valve 14, and has omitted illustration about the signal 
wire for tire angle sensor 3. 

[0014] Thus, since the control unit 1 is constituted as one unit of structure which made the 
housing 11 A of the OBITTO roll 1 1 unite a solenoid valve 14 etc. with the handle angle detector 
12M and a controller 13, it is easy handling. Moreover, since the handle angle detector 12M is 
arranged around the insertion hole 1 1 C of the OBITTO roll 11, this handle angle detector 12M is 
approached and the circuit board 13P is arranged This detector 12M and Substrate 13P can be 
unified with the proper protection member 1 1B, a proper attaching member, etc., and, therefore, 
the handle angle detector 12M and the circuit board 13P can be easily attached to Housing 1 1 A. 
The control unit 1 of such composition is combined with the handle axis Hs by the attachment- 
and-detachment type. That is, it is combined with the measurement mechanism part (JIROTA) 
1 1C which shows this handle axis Hs to drawing 3 in which it was prepared in the OBITTO roll 1 1 
by the attachment-and-detachment type through arbitrary mechanisms by inserting the tip part 
of the handle axis Hs in the handle axis insertion hole 1 1C of the OBITTO roll 11. 
[001 5] An example of . the hydraulic circuit relevant to the control unit 1 and this is shown in 
drawing 3 . In drawing 3 , the OBITTO roll 1 1 supplies the operation oil Q supplied during the 
engine drive of vehicles through pressure, the flux compensation valve V, and the supply line P1 
from the oil pressure pump P to the measurement mechanism part 1 1C through the inflow way 
1 1A1. The measurement mechanism part 1 1 C will supply **** Q1 according to the amount of 
rotation operations to one oil sac 2G1 of a cylinder 2 through the 1st feeding-and-discarding 
way 11 A2 and the oil pressure line LI , if rotation operation of the handle H is carried out in the 
left hand of cut CCW shown in drawing 1 . By this, Piston 2P moves leftward [ L ] with a rod two 
R1 and two R2, and **** A2 and A3 which are shown in drawing 1 rotate in this direction with a 
kingpin A4 and A5, and it steers a steering wheel T1 and T2 on the tire square according to the 
rotation position of Handle H. Moreover, if rotation operation of the handle H is carried out in the 

right hand of cut CW shown in this figure, the oil sac 2C2 of another side of a cylinder 2 will be 
supplied through the oil supply direction change-over valve, the 2nd feeding-and-discarding way 
1 1 A3, and the oil pressure line L2 which do not illustrate **** Q1 according to the amount of 
rotation operations. By this. Piston 2P moves rightward [ R ] with a rod two R1 and two R2, and 
**** A2 and A3 which are shown in this figure rotate in this direction with a kingpin A4 and A5, 
and it steers a steering wheel T1 and T2 on the tire square according to the rotation position of 
Handle H. In addition, the oil discharged through the OBITTO roll 1 1 from the oil pressure 
cylinder 2 is discharged by the oil tank T through the discharge line P2. 

[00 1 6] The measurement mechanism part 110 is bypassed in the 1st feeding~and-discarding 
way 1 1 A2, and the bypass way 1 1 A4 is connected. The auxiliary supply line P3 which is open for 
free passage to the supply line P1 is connected to the bypass way 11A4, and the solenoid valve 
14 of Normal open specification is formed in this auxiliary feed pipe P3. [ the state where a 
solenoid valve 14 is a 2 position change-over valve, and the gap has not usually occurred in the 
steering state, i.e., a handle angle, ] It is located in the open position (position shown in drawing 
3 ) which opens the auxiliary supply line P3, and amendment oil Q2 is supplied to the bypass way 
1 1 A4 through the auxiliary supply line P3 from the supply line PL Therefore, Q1+Q2 are supplied 
to the oil pressure cylinder 2 as Since the piston 2P of the oil pressure cylinder 2 will be in 

the state of exceeding rather than the regular position, as an example in the state where the gap 
has occurred on the handle square in a relative position with a handle A solenoid valve 1 4 is 
located in the closed position (position shown in drawing 4 ) which closes the auxiliary supply line 
P3, and stops supply of amendment oil Q2 on the bypass way 1 1 A4. Therefore, Q1 is supplied to 
the oil pressure cylinder 2 as A change with a closed position and an open position is 
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performed by carrying. out on-off control of the solenoid 14A of a solenoid valve 14. 
[0017] The handle angle sensor 12 consists of a rotated type position detection sensor of an 
electromagnetic induction type. The handle angle sensor 12 shown in this example is constituted, 
using the technology of the rotated type position sensing device shown in TokuganheM 1-359431 
concerning application of these people. Therefore, the outline composition is explained briefly 
here. Drawing 5 shows the example which constituted the handle angle sensor 1 2 by the magnet 
guidance position sensor, and can carry out absolute detection of the handle angle from 0 times 
covering one revolution of a handle angle to 360 degrees as an example. Drawing 5 (A) is the 
block diagram showing an example of the electricity and electronic circuit relevant to the 
detector coils 12A-12D of this handle angle detector 12M in the radial-direction sectional view 
of the handle angle detector 12M attached to the handle axis Hs, and (B). The handle angle 
detector 12 consists of a stator part 12S and a rotor part 12R. The rotor part 12R consists of a 
predetermined-shaped, the shape of for example, an eccentric ring, magnetic response member 
12E attached to the slack handle axis Hs for detection. The magnetic response member 12E 
consists of the quality of the material to which magnetic coupling coefficients, such as a thing 
which consists of electric conduction objects, such as a thing which consists of magnetic bodies, 
such as iron, or copper, or a thing which consists of combination of a magnetic body and an 
electric conduction object, are changed. The stator part 1 2S is arranged in a form which faces a 
radial direction to the rotor part 12R. 

[0018] The stator part 12S is formed in the shape of [ of a perfect circle ] a ring, for example. 
Four coils 12A-12D are arranged at intervals of 90 degrees at intervals of predetermined in the 
direction of the circumference as a coil for detection at the inner skin of the stator part 12S. 
That is. in the stator part 12S, while winding the coil 12A for a sign output around an iron core 
(magnetic body core) 12A1 and preparing it. Coil 12B is wound around an iron core 12B1, and is 
prepared in the angle position by the side of 1 80-degree opposite [ of this coil 12A ]. Moreover, 
while winding the coil 12C for the Kosa Inn output around an iron core 12C1 and preparing it. 
Coil 12D is wound around an iron core 1 2D1, and is prepared in the angle position by the side of 
1 80-degree opposite [ of this coil 12C ]. The magnetic flux by which each coils 12A-12D pass 
along the inside of a coil, respectively points to the radial direction of the handle axis Hs. An 
opening is formed between the end face of the iron core 12A1 to 12D1 of each coils 1 2A-1 2D, 
and the magnetic response member 12E of the rotor part 12R, and the rotor part 1 2R rotates by 
non-contact to the stator part 12S. The opening of the magnetic response member 12E and the 
coil iron core 12A1 to 12D1 changes to the predetermined form of the magnetic response 
member 12E of the rotor part 12R, for example, the reason of eccentric ring-like **, according to 
a rotation position. By change of this opposite opening, the amount of magnetic flux which 
pierces through Coils 12A-12D through an iron core 1 2A 1 to 12D1 changes and has, and the 
impedance of Coils 1 2A-1 2D changes. The impedance of each coil in coil pair 12A which 
counters at 180 degrees, 12B, and 12C and 12D changes with these composition in differential, 
namely, [ the pair of the coils 12A and 12B of sign ** ] Supposing impedance change of Coil 12A, 
i.e., output amplitude change, shows the function characteristic "PO+Psintheta" to the degree of 
rotation angle of the handle axis Hs Impedance change of other coils 12B, i.e., an output 
amplitude variable, shows the function characteristic "PO-Psintheta" to the degree theta of 
rotation angle of the handle axis Hs. Similarly [ the pair of the coils 12C and 12D of the Kosa Inn 
** ] Supposing impedance change of Coil 1 2C, i.e., output amplitude change, shows the function 
characteristic "PO+Pcostheta" to the degree theta of rotation angle of the handle axis Hs 
Impedance change of other coils 12B, i.e., an output amplitude variable, shows the function 
characteristic " P0-Pc o s th eta " to the degree theta of rotation angle of the handle axis Hs. 
[00 1 9] As shown in drawing 5 (B), each coils 1 2A-12D are magnetized by constant voltage or 
constant current by the high frequency exchange signal (sintheta shows temporarily) of 
predetermined 1 ** generated from the predetermined exchange source 1 2P. The voltage Vs 
between terminals of each coils 12A-12D, Vsa, Vc, and Vca show the size according to each 
impedance corresponding to the degree theta of rotation angle as follows. 

Vs^PO+Psintheta) sinomegatVsa= (P0) - Negative phase differential connection of the two coils 
(12A, 12B, and 12C and 12D) is made for PsinthetasinomegatVc=(PO+Pcostheta) sinomegatVca^ 
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(P0-Pcostheta) sinomegat each coil pair of every, respectively. As shown below, the exchange 
output signal which has. a predetermined periodic amplitude function as an amplitude coefficient 
is generated for every coil pair. _ 

Vs-Vsa=(PO+Psintheta) sinomegat - sinomegat (PO-Psintheta) 2 sinthetasinomegatVc~Vca = 
(PO+Pcostheta) = sinomegat - sinomegat (PO -Pcostheta) = The two same exchange output 
signals (sinthetasinomegat and costhetasinomegat) as a resolver which have 
2costhetasinomegat, therefore two periodic amplitude functions (sintheta and costheta) 
corresponding to the degree theta of rotation angle of the slack handle H for detection as an ' 
amplitude coefficient are generabie. 

[0020] Drawing 6 is the functional block diagram showing an example of the circuit composition 
of a controller 13. As mentioned above, although the controller 13 consists of MPU, a memory 
which consists of a ROM, RAM, etc., etc., it omits illustration of those computer hardwares and 
shows the processing performed by computer software by the functional block at drawing 6 . In 
addition, a part of function of the position conversion part 13A is realized in exclusive hardware 
circuitry, and the remainder is realized by processing of computer software. 

[0021] [ measuring the phase ingredient theta of amplitude function sintheta in the exchange 
output signals sinthetasinomegat and costhetasinomegat of a sign and the Kosa Inn function 
characteristic outputted from the handle angle detector 12M, and costheta in the position 
conversion part 13A ] The rotation position theta of the handle axis Hs in the degree range of 
rotation angle of 1 rotation of Handle H (0 times - 360 degrees) is detected by an absolute. And 
the handle angle detection signal according to the rotation position of the handle axis Hs, i.e., the 
rotation position of Handle H, is outputted to the position conversion part 13 A. It can constitute 
using the technology shown in JP,H9~126809,A which starts application of these people, for 
example as a position conversion part 1 3A. [ for example, the thing for which the 1 st exchange 
output signal sinthetasinomegat is shifted 90 degrees electrically ] [ generate the exchange 
signal sinthetacosomegat and / this and the 2nd exchange output signal costhetasinomegat / 
carrying out addition-and-subtraction composition ] sin (omega t+theta) and sin (omega t^theta) 
— [ two exchange signals (signal which changed the phase ingredient theta into the AC-phases 
gap) by which the phase shift was carried out in phase leading and the direction of a late phase 
according to theta are generated, and / measuring the phase ] The rotation position detection 
data of Handle H, i.e., handle angle detection data thetahD, can be obtained. Or you may make it 
use the R-D converter used in order to process a well-known resolver output signal as this 
position conversion part 13A. 

[0022] The position conversion part 13B changes into digital data tire angle detection signal 
thetaT of the analog inputted from the tire angle sensor 3, and outputs digital tire angle 
detection data thetaTD. Moreover, based on the tire angle detection data thetaTD, the number 
data D1 of handle angular convolution revolution corresponding to handle number of rotations is 
outputted. 

[0023] In performing on~off control of a solenoid valve 14, in the controller 13 shown in drawing 
6 [ with the handle angle range-of-detection study part 13G and the tire angle range-of- 
detection study part 13D ] The rotation range of a handle and the steering range of a steering 
wheel are detected, and it is characterized by enabling it to be appropriately adapted to any 
types of a car. Namely, [ if it is in industrial truck, such as a forklift, as mentioned above the 
rotation range of a handle and the steering range of a steering wheel change with types of a car, 
but ] It enables it to be adapted at any time in this example by always detecting the handle 
rotation range and steering range of the vehicles for application by study to any types of a car. 
[0024] In the handle angle range-of-detection study part 13C, study detects the rotation range 
of a handle based on handle angle detection data thetaHD outputted from the position 
conversion part 13 A. Drawing 7 (A) is the mimetic diagram showing an example of handle angle 
detection data thetaHD obtained in the handle angle range-of-detection study part 13C. Drawing 
8 (A) is the flow figure showing an example of study processing of the handle rotation range 
performed in the above-mentioned range-of-detection study part 13C. In drawing 8 (A), at Step 
S1, when the power supply of vehicles is switched on, the number data D1 of handle angular 
convolution revolution corresponding to the present tire angle detection data thetaTD is 
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outputted to the position conversion part 13A by the position conversion part 13B, and it is 
preset ****. Handle angle detection data thetahD of a handle' rotation position according to the 
present handle number of rotations will be outputted to the handle angle range-of-detection 
study part 13C from the position conversion part 13A by this. At Step S2, the position 
conversion part 13B to tire angle detection data thetaTD is read for handle angle detection data 
thetahD from the position conversion part 13A, respectively. At Step S3, the number data (HPD) 
of handle angular convolution revolution according to tire angle detection data thetaTD is 
computed. Handle angle detection data thetahD of the handle 1 rotation (360 degrees) obtained 
as an example according to tire, angle detection data thetaTD is counted, and let the count value 
be the number data of handle angular convolution revolution. At Step S4, operation processing 
which adds handle angle detection data (thetahD) and the number data (HPD) of handle angular 
convolution revolution is performed, and handle angle detection data thetaHD according to the 
number of times of handle rotation is obtained. The handle hand of cut is distinguished at Step 
S5. As an example, whenever it reads data, the data read this time is compared with the data 
read last time, and if it is "size", it will judge with the right hand of cut, and if it is "srnallness", it 
will judge with the left hand of cut rather than the data of last time [ data / this ]. At Step S6, 
peak value, i.e., maximum, thetaHDmax and minimum thetaHDmin of handle angle detection data 
thetaHD are calculated. Whenever it takes in data thetaHD corresponding to the right hand of 
cut of a handle as an example, the value of the data memorized at the end is set to maximum 
thetaHDmax (refer to drawing 7 (A)) by comparing the data read this time with the data read last 
time, and memorizing and updating the data of the larger one. Moreover, whenever it takes in 
handle angle detection data thetaHD of the left hand of cut of a handle, the value of the data 
memorized at the end is set to minimum thetaHDmin (refer to dr awing 7 (A)) by comparing the 
data taken in this time with the data taken in last time, and memorizing and updating the data of 
the smaller one. In addition, when the updating stop signal Sa is inputted from the tire angle 

range-of-detection study part 13D, updating with maximum thetaHDmax and minimum 
thetaHDmin is stopped by Step S6. Thus, the rotation range of a handle is learned by detecting 
maximum thetaHDmax and minimum thetaHDmin of handle angle detection data thetaHD in the 
handle angle range-of-detection study part 13C. In addition, you may perform this study 
repeatedly if needed. 

[0025] In the tire angle range~of-detection study part 1 3D, study detects the steering range of a 
left steering wheel based on tire angle detection data thetaTD outputted from the position • 
conversion part 13B. Drawing 7 (B) is the mimetic diagram showing an example of tire angle 
detection data thetaTD of the steering wheel obtained in the tire angle range-of-detection study 
part 13D, and gain amendment tire angle data thetaTDg which amended the gain (inclination) of 
this detection data thetaTD. Drawing 8 (B) is the flow figure showing an example of study 
processing of the steering range performed in the above-mentioned range-of-detection study 
part 13D. In dra wing 8 (B), tire angle detection data thetaTD is read from the position conversion 
part 1 3B at Step S1 1. At Step S12, it judges that it is handle rotation. If the data read this time 
is changing to the data read fast time as an example, it will judge with handle rotation. In the 
forklift whose handle the rotation [ what ] of the Reason for performing this judgment can also 
rotate Even if it rotates, the tire lock position, i.e., the handle, of steering wheel T1 and T2, in 
order to detect the position where a steering wheel is not steered any more, it is because it is 
necessary to recognize the rotation operating state of a handle as the premise. A tire lock • 
position is detected at Step S13. Although the handle angle detection data which took in handle 
angle detection data thetahD and was taken in from the position conversion part 13A as an 
example this time is changing to the handle angle detection data taken in last time When the tire 
angle detection data read this time is not changing to the tire angle detection data read last 
time, it is recognized as a tire lock position. At Step St 4, the updating stop signal Sa is 
outputted to the handle angle range-of-detection study part 13C. At Step SI 5, the peak value, 
i.e., the maximum, and the minimum of tire angle detection data thetaTD are calculated. By 
comparing the data read this time with the data read last time, and memorizing and updating the 
data of the larger one, whenever it reads right tire angle detection data thetaTD R corresponding 
to the rotation position of the right hand of cut of a handle as an example The value of the data 
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memorized at the end is acquired as maximum thetaTDmax (refer to drawing 7 (B)). Moreover, by 
comparing the data taken in this time with the data taken in last time, and memorizing and 
updating the data of the smaller one, whenever, it takes in left tire angle detection data thetaTDL 
corresponding to the rotation position of the left hand of cut of a handle The value of the data 
memorized at the end is acquired as minimum thetaTDmin (refer to drawing 7 (B)). It is good to 
set to "0" tire angle detection data thetaHDc corresponding to the left steering wheel middle 
position which made it point in the going-straight direction to a steering wheel on either side in 
this case, and to calculate maximum thetaTDmax and minimum thetaTDmin on the basis of this 
data. Thus, the steering range of a steering wheel is learned by detecting maximum thetaTDmax 
and minimum thetaTDmin of tire angle detection data thetaHD in the tire angle range-of- 
detection study part 13C. You may perform this study repeatedly if needed. 
[0026] If it is generally in vehicles equipped with two steering wheels T1 and T2 like the vehicles 
for application, the tire angle over the amount of handle rotations differs between each steering 
wheel Tt and T2 in the right steering direction R and the left steering direction L to the handle 
middle position. As shown in drawing 7 (B), for this reason, tire angle detection data (henceforth 
right tire angle detection data) thetaTDR of the right steering direction R, Tire angle detection 
data (henceforth left tire angle detection data) thetaTDL of the left steering direction L differs in 
the gain (dignity of data : the example of a figure inclination of data) to tire angle detection data 
thetaTDc of the left steering wheel middle position. That is, the gain (beta 1) of right tire angle 
detection data thetaTDR is smaller than the gain (— beta2) of left tire angle detection data 
thetaTDL. This means that the tire angle of the right steering direction R is smaller than the tire 
angle of the left steering direction L in a left steering wheel. Moreover, in order to amend a gap 
of correspondence-related [ of the handle angle and the tire angle of a steering wheel according 
to rotation operation of the handle ], it is necessary to make the same the gain of handle angle 
detection data thetaHD, and the gain of right tire angle detection data thetaTDR and left tire 
angle detection data thetaTDL In this case, if the gain of this data is amended on the basis of 
maximum thetaTDmax of right tire angle detection data thetaTDR and the gain of this data is 
amended on the basis of minimum thetaTDmin of left tire angie detection data thetaTDL Tire 
angle detection data thetaTDc corresponding to the left steering wheel middle position shifts, 
and it is not desirable. So, in this example, gain amendment of right tire angle detection data 
thetaTDR and left tire angle detection thetaTDL is separately performed in the tire angle range- 
of-detection study part 13B, respectively on the basis of tire angie detection data thetaTDc 
corresponding to the above-mentioned middle position. 

[0027] Drawing 9 is the flow figure showing an example of the gain amendment processing 
performed in the tire angle ra nge-of-dete cti o n study part 13D. In dra win g 9 , maximum 
thetaHDmax and minimum thetaHDmin of handle angle detection data thetaHD are taken in from 

r 

the handle angle range-of-detection study part 13C at Step S21. At Step S22, the heavy 
attachment coefficient K1 and K2 which carry out the weighting of right tire angle detection data 
thetaTDR and the left tire angle detection data thetaTDL, respectively so that it may become 
equal to the gain alpha of handle angle detection data thetaHD and this gain alpha are computed. 
As an example, as shown in drawing 7 (A), it asks for Gain alpha from the difference (theta 
HDmax-theta HDc) of maximum thetaHDmax of handle angle detection data thetaHD, and middle 
position data thetaHDc corresponding to the handle middle position (handle position at the time 
of making it point in the going-straight direction to a steering wheel on either side). In this case, 
you may ask for Gain alpha from the difference (theta HDmin-theta HDrc) of minimum 
thetaHDmin of handle angle detection data thetaHD, and the above-mentioned middle position 
data thetaHDc. By maximum thetaTDmax of right tire angle detection data thetaTDR shown in 
drawing 7 (B), the heavy attachment coefficient K1 does division (alpha/theta TDmax) of the 
gain alpha, and asks for it. Moreover, by minimum thetaTDmin of left tire angle detection data 
thetaTDL shown in this figure (B), the heavy attachment coefficient K2 does division 
(alpha/theta HDmin) of the gain alpha, and asks for it. At Step S23, the gain beta 1 of right tire 
angle detection data thetaTDR and the gain beta 2 of left tire angle detection data thetaTDL are 
amended, and gain amendment tire angle data thetaTDg is generated. That is, as shown in 
drawing 7 (B), while carrying out the multiplication (Kt xthetaTDR) of the heavy attachment 
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' coefficient K1 to right tire angle detection data thetaTDR, the multiplication (K2xthetaTDL) of 
the heavy attachment coefficient K2 is carried out to left tire angle detection data thetaTDL. 
The gain beta 1 of right tire angle detection data thetaTDR is amended by this by the same gain 
(beta 1 1) as the gain alpha of handle angle detection data thetaHD, and the gain beta 2 of left 
tire angle detection data thetaTDL is amended by the same gain (- beta21) as this gain alpha. 
Gain amendment tire angle data thetaTDg which has the gain beta 1 1 according to the gain alpha 
of handle angle detection data thetaHD and -beta 21 by this is generable. Whenever it performs 
study of the rotation range of a handle, and study of the steering range of a steering wheel, you 
may update above-mentioned gain amendment processing. In addition, in above-mentioned gain 
amendment processing, you may amend the gain of handle angle detection data thetaHD so that 
the gain of tire angle detection data thetaTDR and thetaTDL may be suited. Moreover, you may 
amend the gain of this tire angle detection data thetaTDR and thetaTDL, and the gain of handle 
angle detection data thetaHD so that the gain of tire angle detection data thetaTDR and 
thetaTDL and the gain of handle angle detection data thetaHD may suit. 
[0028] Next, with reference to dr awing 6 , drawing 7 , and drawin g 10 , the handle angle gap 
amendment processing performed in the drive control part 1 3G in a controller 1 3 is explained. 
Draw ing 10 is the flow figure showing an example of handle angle gap amendment processing. In 
addition, since the handle angle gap amendment processing shown with the form of this operation 
is the same as the case where rotation operation of the handle is carried out in the right hand of 

cut and the left hand of cut at the case where rotation operation is carried out, the handle angle 
gap amendment processing at the time of carrying out rotation operation of the handle in the 
right hand of cut is explained. 

[0029] In drawing 10 , handle angle detection data thetaHDp corresponding to the handle rotation 
position P (refer to dr awin g 7 (A)) when rotation operation of the handle is carried out in the 
operation part 13E in the right hand of cut is taken in at Step S31. Moreover, gain amendment 
tire angle data thetaTDgp of the steering wheel corresponding to the above-mentioned handle 
rotation position P is taken in in the operation part 13E. In Step S32 s deviation | deltathetaD] 
(=jthetaHDp-thetaTDgpf) of handle angle detection data thetaHDp and gain amendment tire 
angle data thetaTDgp is computed in the operation part 13E. In this case, when the above- 
mentioned data thetaHDp is larger than data thetaTDgp (theta HDpXheta TDgpX.a deviation is 
set to (+deltathetaD), and a deviation is set to (-deltathetaD) when the above-mentioned data 
thetaHDp is smaller than data thetaTDgp (theta HDp<theta TDgp). At Step S33, it is judged 
whether Deviation deltathetaD exceeded the permission gap angle delta 1 and delta 2 in the 
comparator part 13F. That is, when a deviation is (+deltathetaD), this deviation judges whether 
the permission gap angle delta 1 for solenoid valve-on (the example of a figure the ON side) was 
exceeded. Moreover, when a deviation is (-deltathetaD), it is judged whether the permission gap 
angle delta 2 for solenoid valve-off (the example of a figure the OFF side) was exceeded. When a 
deviation (+deltathetaD) exceeds the permission gap angle delta 1, or when a deviation (™ 
deltathetaD) exceeds the permission gap angle delta 2, it progresses to Step S34. At Step S34, 
the drive pulse signal PS is generated in the drive control part 13G, and the pulse signal PS is 
outputted to a solenoid valve 14. In this case, even if the deviation (-deltathetaD) exceeding the 
deviation (+deltathetaD) or the permission gap angle delta 2 exceeding the permission gap angle 
delta 1 is the same in the right hand of cut CW and the left hand of cut CCW of a handle The 
right hand of cut CW of a handle differs in the amount of deviation amendments for storing this 
each deviation in a predetermined permission gap angle from the left hand of cut CCW. For this 
reason, with the form of this operation, the handle operation direction primary detecting element 
1 3H detects the handle operation direction (CW or CCW) based on handle angle detection data 
thetaHDp of the handle angle range-of-detection perimeter part 1 3C. He is trying to change the 
output time of the drive pulse signal PS according to this each handle operation direction. By 
on-off control of the solenoid 1 4A being carried out by the drive pulse signal PS, a solenoid 
valve 14 opens the auxiliary feed pipe P3 at the time of ON (refer to dr awin g 3 ), and drive 
control is carried out so that operation which closes the auxiliary feed pipe P3 at the time of 
OFF (refer to drawin g 4 ) may be repeated by turns. The OB IT I O roll 1 1 supplies **** of Q1+Q2 
to the oil pressure cylinder 2 at the time of ON of a solenoid valve 14, and supplies **** of the 
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oil pressure cylinder 2Q1 at the time of OFF of a solenoid vatve 14/ A gap of correspondence- 
related [ of the handle angle and the tire angle of a steering wheel which are generated by this 
when the revolving speed of Handle H is slow, or when operation oil leaks with the OBSTTO roll 
1 1 etc. ] is amended. At Step S35, those with handle rotation operation or a non-deer is judged 
by the handle operation primary detecting element 131. As an example, handle angle detection 
data thetaHDp corresponding to the handle rotation position P is taken in from the handle angle 
range~of-detection study part 13C one by one. Handle revolving speed is computed by carrying 
out a differentiation operation by predetermined damping time constant delta T in quest of the 
difference of the data taken in this time and the data taken in last time, and when this handle 
revolving speed is "0", it judges with having no handle rotation operation, i.e., a handle rotation 
operation stop, and progresses to Step S37. However, when handle revolving speed is not "0", it 
judges with those with handle rotation operation, and returns to Step S31, and the routine from 
Step S31 to S34 is performed. At Step S36, it is judged whether deviation |deltathetaD| when 
you have no handle rotation operation in the drive control part 13G is over the permission gap 
angle delta 1 and delta 2. When deviation |deftathetaD| is over the permission gap angle delta 1 
and delta 2, it progresses to Step S37. At Step S37, the drive control part 13G amends the on— 
off time of the drive pulse signal PS. Namely, when [ at which it amends so that ON time of the 
drive pulse signal PS may be lengthened when the deviation (+deltathetaD) is over the 
permission gap angle delta 1 ] it carries out (refer to dr awing 11 (A)) and the deviation (- 
deltathetaD) is over the permission gap angle delta 2, It amends so that OFF time of the drive 
pulse signal PS may be lengthened (refer to drawings 1 1 (8)). Also in this case, the handle 
operation direction (CW or CCW) is detected like the above-mentioned step S34 based on 
handle angle detection data thetaHDp of the handle angle range-of-detection perimeter part 13C 
by the handle operation direction primary detecting element 13H. According to this each handle 
operation direction, the output time of the drive pulse signal PS is changed. When rotation 
operation of a handle is started by amending so that ON time of the drive pulse signal PS may be 
lengthened, amendment **** which should be supplied to a cylinder 2 can be increased, and gap 
amendment of the handle angle which suited this deviation can be performed appropriately. 
Moreover, when rotation operation of a handle is started by amending so that OFF time of the 
drive pulse signal PS may be lengthened, amendment **** which should be supplied to a cylinder 
2 can be reduced, and gap amendment of the handle angle which suited this deviation can be 
performed appropriately. The above-mentioned on — off time which should be amended can be 
found by, for example, performing arbitrary operation processings, using arbitrary deviation-on— 
off time conversion tables. . 
[0030] Although the tire angle sensor 3 has detected the tire angle of the left steering wheel T1 
with the form of this operation The piston position of the oil pressure cylinder 2 is detected 
using the cylinder position sensing device shown in JP.H1 1-1 32205 A concerning application of 
these people, it may consider that this detection value is the tire angle of a steering wheel, and 
it may be used. Moreover, the multi-rotating handle angle sensor which can detect handle angle 
detection data linearly as a handle angle sensor 12 corresponding to the number of times of 
rotation of Handle H can be used. In this case, since preset treatment of the number of times of 
handle rotation at the time of a power supply injection and calculation processing of the number 
of times of handle rotation in the handle angle range-of-detection study part 13 can be made 
unnecessary, study processing of the handle rotation range can be simplified. 
[0031] 

[Effect of the Invention] As mentioned above, with the control unit for power-steering equipment 
concerning this invention, as explained, since the main operation oil feed unit, a handle angle 
detector, and control circuit equipment can be dealt with as one unit, the outstanding effect that 
improvement in handling nature can be aimed at is done so. In the handle angle amendment 
system concerning this invention, the outstanding effect that it can apply to the vehicles with 
which the rotation range of a handle differs from the steering range of a steering wheel, and a 
gap of correspondence-related [ of the handle angle and the tire angle of a steering wheel 
according to the rotation position of the handle ] can be amended is done so. 
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e&&8.m<D>^vi»#t£&*)fflt, w^y Fvi^tttti 

ffllH^B t ft 1 ocon. - y h L T« 0 ft 9 C t 
[0 0 0 8] Sft, ^(cff^Ay K;l'ft1ijE'>Xr 

m> hvpoH^fcisijTiiMesii^akiK'rsjffiffiS 



S^tMiB^Seiio^^^fclli-rsB l ©fclEx- 

^ t&awe^iRitciiBi-sfB 2 o)j'ru\ : .-r~ $ tzztv^n 

IBm 1 2 ^)0L{-r-^-C«tt£O^ Yi'/'lf^HU^ 

^-o/%y F;P©@fifigfcj5Ei;fc/N> F;l/^ fcj&IS 
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[0010] hhc&i^t, ^y-xfyvy^i 

tt, M^K/l/H©/M/K;l/|* Uf7'Jy^>t7h) 
H s tfflie?nfc#J»a-'y h 1 fc, tEfctDWimmT 1 
RTf T 2 J&tfflfc 0 gg A Jfeft LTJfgij-T § Xr7 u y ^ 
i"J>^2t, ffit£>-#©$$Jtefi (B<D0m*AyF 

;vHffl*^MTfe«i©i*ieitT i) ©^-Y-v-ft^ttm-r 
s^-tft-tryy- 3 asjwa.-y f i t*±ff 

tr <y F n -ill l tflKHK D SB A fc 6 ftfcft&ffi 

i/vy^ztcm&^-OL i, L.2*/t-LTS«5nr 

[0 0 1 1 ] ttOSlAicfcl^, £8MgHllKA 1 

jcaaastiTfeo, fe»K5im»A2a, M'PWia 3©& 
e>nr*> v , imsnamms u y^ 2 ©-7?© f y 

D7F2R1 ifiW&ffitfii 6 fcfl- LTSSISSftTVSo 

ammbM a 2 ©-«j{ctt«*ifciiT 2 *to d fw ?>n 

F2 R 2 ^affifSB^A 7*ftLTjl*g£ftT^S 0 £© 
Jt&fcOgBA^ti, ?4J±y 'J y?2©So y K2R 1 , 
2 R 2*V%>'K;l/Hil* 1 'e.mT^73lRlLfC^ll'r^c: 

r\ *.^iewM a 1 1 ammm a 2 tr y a 

4, A5i:^(C¥ttA3(cMLT|W|^|p3LfClal»)L, £ 
-~, T , £#H£$»IT 1 fcfcJftiatT 2 >//^/;|H|l.ic:#lijP 
£tl5 c S /c, y U 2 © ft n -y F 2 R 1 , 2 R 2 # 

t£$«A 1 tfeSf6MA 2 ffZtl^tlV y A 4 , A 5 t 
&fc$iKlA 3tcWLTR|^lnlRk:|HlilU <fcoT, 

[0012] ^Ytflt'>*3ttlf>^3 y^-^^ 

e& ^iMeniRA i fij©*y^eyA 4 'ciixDfnt 

6nr^5o c(D^^-\'^y^-3ii., %-yV^ykA 

feSSi»g|3 1 3 BfCtB^-r?.o 
[0 0 13] 0 2«flPj»a.-v 1- 1 ©*1*Bl?t8©Hffl* 
(A) &0 1 icjxlr^y F/l/Hflifr£jifciW»3. 
r.y F 1 ©¥£80, (B) ti (A) F 

1 ©— gR9JA*jEffi0T-£3o 132 (A) , (B) 
i/^T, SJUo^y F 1 fi, Ify bn-;H It, 
> F/Fft-tryt 1 2©/%y F/Fft$tttJi§l 2Mt, n> 

l lAtctt, /\yYfrm\<v±MK/\yY)Vfam&W<i 
2M^yFo-7l 3 t:^3Il:©f«iIgWl l Bfctf- 
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i l Btcfi, /\y F;U@$Elfli^itffl©My K;HW*X 

Til 1 CtfS#6ttT:fe*K £©j?A?Ll 1 C©Jiffltc 
My FVV&tfctHgg 1 2Mtf5®£tU tStfcftggl 2MK 
ifiglTnyha-7 1 3^B2S5tiTi/^5o m 

«OXf- ^gPl 2SW;H 2A—1 2D%:E%m 
fltLT&3 0 37 Fo-7 1 3fct, B^L&l^MPU 

ROM, RAMaiT^a&SHBSSfil 3PftH* 
SflTfSo @SSS«l 3Pli, >\*j*Jv9\ lA©fl]B 

temviitfZHtcvu/j F^;V7'~i 4©±^'*^^>' 
K;l/fttftttJg l 2 M©SEB^^)Sr§ifims^«'T*3 
0, MS+Mi 3 P±tCMyF;l/ftttttiSl 2M*««S 

;i/7"i 4^h i fc^sns^^-^ft-t^aairtcM^ 
c«vi^/-r FWV7*i 4ffl©fi^ig-c : -a6D, ^-f^rft 

^y^3ffl©fi , #IItcoi^TttH/r;^#R&LT$>So 
[0 0 14] cI©£?{C, SJ»a-»; h 1 14, ^-tT-y 
Fn-;H i©/N^S/y^l 1 At, AyF;^^ffi^ 

12 Mi:, ayhD-7 1 3ii, V W^f F/VI/7" 1 4 

tiT©§©T\ Bi0av^$aT*So S&s Ay F;l/ 
ftttWSl tfy Fn-;H 1 ©ffi3'A?L 1 1 C 

E^afei 3 vzmttzore, ffiktumi 2M^ss 

1 3 ? k.*mM.(r>&mmt 1 1 B-^KOMwewaife 

-Wb-rscfc^Tt, J:^T, Ay K;l/ft«a«8 1 2 
M^0gSS«i 3P^A-)y*y^"i l At§MtHXDM 

its c t avp^So c ©<t 5 ^iijt©*jfrfP^-~ -y f i 

(±, My F;MttH s fcSmiSfcie^StiSo 
t-t*^hn-;H 1 ©^y F/HMfA?L 1 1 CKav 

F;FWh s ©$fe^ap^#A-r§ cif, 1a> F;l/«H 

s**—try hn— 1 rttS^e>tlfcg|3t7Kl"H- 
[0 0 15] HSKSflWauivMBLtFcnjcBBjlfs 

;n n±, $]tf©xyyyig®]ftJtc, jffif±^y7°p^6 

• mmmftvjkhHMiiy^yp 1 ^auTmms 

tiSf^«l?IftQ*«fAB&l 1 A l^r/rLTlf*«gM 1 
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fif^fifctSU/crMQ l l l^ffi l l A z&xftUB 

y l i %frLri/ u y^ 2 © -7?©rfiS 2 c 1 tcfft 

l&f5o cruci-pt, irx f y 2 P tin >y F 2 R 1 , 

2 R 2 tttfcfe^lflJLtC^ftU H 1 t^?nS«lB6A 
2, A3A^y^yA4, A 5 httfc^lBjlClBlffijL 
TSteiiT 1 , T 2 ^ny F;FH©|Hltefegt)SCfc^ 

$57a irj c wtcii(g«w^sns t, ^©i'-'i'|iyj*f-MUy.r.; i; 
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i a 3 ikxsm^^y L2^/r lt y u y# 2 ©fttt~© 

n 7 F 2 R 1 , 2 R 2 2:#t£#|(aRfcf*I!lU H0t 
^^tl-SIMA 2 , A 3»y^'^yA 4 , A 5 fc&t 

ra^isifciaiftL/TiSMaiT 1 , t 2#^y f^h©^ 

[00 16] II i&ftlg 1 1 A 2 (CUft-SttMfltf 11C 10 
fc/W^XLT/M'^Xft 1 1 A 4 ^ScilreStVTVSo 

1 A 4 tttfttlft^yyP 1 tHiIf^lfli 

#u&5 y y p 3 # gstts nr*3 o > c ©issM^iaw p 3 
ic/--?ji^~-y°yj±mo)V u/J V/w? 1 t&tstif 

& o x a#x f7u y ^miT&fr s ^ y K;i>fs 1 1* n 
t§riati cm 3 t^tiis) tteestu 

yp i^6l»ii&7^yp 3^/i-LT/W/^x^i 1 

#"2tW:}SSfcLTQ l + Q2#W&£ft£o h*;V 
/VfcOWlt'itE^'J y^"2 ©t! X F y 2 P^TFJt 

w hvwr 1 4 mhWfc?* y p 3 ^^m-rsMSi 
fee (a 4 fc^-rtMi) ttt«s*u /sy^xs&i 1 a 

4 ^©MlEiSQ 2 ©^la^itf- §0 L/c/j^Ts w± 

yyy^t&ftiMkLTQ itf#8&3ft5«, MitteS 
/ y F i 4 A^^-y • *7»jflPi-3t fct^Dfrfrft 30 
[ooi7] av F;vft-feyy- 1 2 H:«KlSSfcfr3©iHi 

fesyfi B^ai-t y v-fr e. * § „ #$i t mt^y K;vft -tr 

y-9- 1 2 i±, *mMAOttiB»cfl5SW?fli¥ l 1-359 
4 3 l #te^StifellHESMia[B*im8«OSfl5*fflv^T 

ia^TA> F;P^4ryt l 2#«j*Lfcff!l*^U — 

01 1 LT^yFVV^©— |HrtEK:t>fcSOJS3!)>e»3 6 Olt 

STOAy Fvv^^rx'yy a— hiftttn*t'st><z>*c2& 40 

3o 05 (A) tt, a> K/H*H s t^OWtSnfc^ 
> hVVfttf&fcH&l 2 M©!l7?ftWffilIF (B) «\ 
yhVWMfcffl&l 2MOfc|il3-f;H 2A~1 2DKBB 

f\y F;l/fttfctiJt§ i 2 ti, *r— *«s l 2 s fcp— £8B 
§My F;VffiH s t® D tttt&tvfc, ffi^J&bcfllAfcfH 

y#K©«*ra»8Mi i 2 E^e»s:So ksuehsss 

^i2E(i, if©IttM>6SSto, &&y(±iO 
©#8ftfr ?>&§*>©> & 3 Wiffifjsfc ¥*&£©!§ 50 
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[0018] xf-?*-i 2 s(i, ma MB<ovy 

^RKJBfiKSnSo Xf-*9l 2 S©l*Uiffit&, $ 
Wffl3^lT4O034';H 2A—1 2D#RJStfj 
ftt0T^llT*#U«: 9 0 £©IHIH"eE«SftTV'>3, 

-r&t>-^ xf— *6ffi 2st&t^T\ ^yytu^ffl© 

ny;F 1 2 A*tt>D» (5Mttf*3T) 1 2 A 1 t#@LT 
kttt, g£py;F 1 2 A© 1 8 OfiMfcHllOfcfi 
©BtP-f/l/ 1 2BW 1 2 B 1 t#0LT»t'tSo 

sre, n+iyytti77ffl©3^;n 2 c*flWM 2 c it 

#@bT^St^t, ^3-f;H 2C©1 8 OfiS^f 
fiJO^SteHtay;!/ 1 2 D*^& 1 2 D 1 t#lalLT 

saw-So #3-f;n 2A~i 2D(i, ^-n^n, ^y;v 
rt^ii§^^^y H;MttH s ©sM^jii^TSo # 

1 2 A- 1 2 D©»* 1 2 A 1 ~ 1 2 D 1 OMW 

t N p-^gp 1 2 r ©Kswsflpauw 1 2 e t©feit^t 

*^JEfi*tU P-^§i5 1 2 RttX-r-^SP 1 2 S til 

T^-S8»TIaME , rSo n— *fl|5l 2 R©»MfSMl># l 

2E©ms©?^K, ^ui±m>uy^ ©&t, <im 
j^asw 1 2 e tn^^io 1 2 a 1 ~ 1 2 d 1 t©s 
Pi^iHifEfiste vxmtt §0 c ©Mfnj^ps©^ftt 

j:-yr, tt^i 2 a 1 ~ 1 2 D 1 ^ffi-3Tpy;i/ 1 2 a 

~1 2D*Jt<«««^l'tU tot, a^;H 2 A 

~i 2 D©yytf-^yx/j^{b1-§o ^©ffifigt^to 

T> l 8 OSTMtnJ-rSn^/W l 2 At 1 2 BRt? 1 

2 c 1 1 2 Dtfctt?>^p-4';i/©y ytf-^yx^MKi 
WfcS?fM"5o -r«:t>^, +)-yyffi©py;H 2 A ill 
2 B©Mi?{i, 3y;u 1 2 A©y ytf—^'yx^fboS; 
0 LHzj»igfb*Vx> k;H*h s ©m<gftSt#bT 

rp 0 +Ps i n6j iH/^Ba»«H4*3Sf 

^©py;H 2 B©-rytf-^yx^ftoi;0tii77^fs 
iilWiMy F;HtfiH s oiartEftfi 0 t^LT rp„ - p 

s in8j k v> d H»SHt*^T 0 Ml*!::, rutyyffl 

©py ;i/ 1 2 c 1 1 2 n©*.f-e(is py;i/ 1 2 c©yy 

tf-^yx^{ko$ D mMmmtti^y F;HfiH s © 
ErtEftftetcWbT rp» +p c o s ej kv^Pijlt 
•it'trTrj-k-j-^t, ffi©py;n 2B©yytf-^yx 

m i-.f i. x r p „ - p c 0 s e j t mViVriVr Tcr , 
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• l 2 D 1 2 Pfr SfgfeSftSBrS 
© 1 ffl©^JiSSrMI# (fSt s i n 6 t'St) tefco 
TS«EEX«S«SST?®«SnSo 1 2 A~ 1 

2 D ©SlSi r^]^^:: V s , V s a , V c , V c a (i, TiC 

© £5 1> @$5ftit e twfrf s*ft J f*i£M' 
yxts s^^Tc 

Vs=(P»+Psin0)sino) t 
V s a = (Pa — P s i n 0 ) s i n co t 
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Vc = (Pc + P c o s 0 ) s i n co t 
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(sin0sinft)t S.tf c o s 6 s i n t ) % 
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SttifibfcJ:^^ MPU^ ROMtR AM& 

n jb/ \- f * x 7 mi&xmmz tu a o » a 7 £ a - * 

V7F9x7©®Sfc<fc^Tllg!£n3 0 
[0 0 2 1] feg^MP 1 3Am K,'LFi#;Hiffi 

l 2Mfretfi7^ns^7 7&i) : 377 yKHM$te©S 

i^tBTJ-fg^ s i n 0 s i n co t IkTJ cos0s i n a> t 
fcfcttSfifilffiRs i n ejkXJc o s 0 *g$# 0 # 

thai-rs c t7\ ^7 f;vh© 1 0$i©iHi$i^sfeH 

(og~3 6 og) fcfelJS/N^ F/HttH s ©IMIfzOT 

9^77'y Ua— hTfiftm-TSo ^lt, ^y f;M$h 30 



P 1 3 Aici{!i/;-7<: ; fell 



M¥9- 1 2 6 8 0 9#^ffifc^StlfefiSB*fflVT 

fctf "Ft 5„ fiflfcHT, £ 1 ©SHElitfjfl^ s i 
n 0 s i 11 w t fc^Klftfc 9 Qm~>7h?2> £ 
}^fHf s i n 0 c o s to t#£j«U C fit IB 2 ©Sift 
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{ftfiHgj&lW 13AttTffiffl-r§«fc?fcLTt.«l:i\ 
[0 0 2 2] {iiE^MP 1 3 B Its ^77ft ^7 3 

5> A* Lfc 77P^©#7~-Vft^ttW§ ° 0 T £7V 7*£ 
;]/f*- £ £ft L> 7V ~7 £ /]/© £ -f -V ft 7- # 0 
T D£tfj*lf So Sfc> *(r>Z'( J rft1tkW—$ 0 T D 
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[0 0 2 3] a6t^t3yhD-7 1 3t<:*3V^T(i> 
VU/Y 1 4ft0*y • *7ffl»#fj${C&fco 

IBH^WgP l 3 DtcfcO, ^> F;l/©@<E«iSRr«tie 

T t> »tfJfcSf&T? # S £ 5 K bfc c i: %'W$k t UT 
So 7&fc%, 7**-^U7hftif©SI!S*Mfc*or 
tt, MjiL/cct^^, SittctoT/Ny F/l/cOBllEffiB 

5iffl^¥ji5©^y F^HBieiEHfclftlSIBHt^^St 

[0 0 2 4] f\y V/lKfrttrnvrnft' 1 3CTit & 

B^gP l 3 A ^ S iH* ^ n 5 ^ > F ;Uft ^037- 9 0 
HDtS^#MyF;l/cDlUI5lgH*-#Wfccl:oT^U-r 

§„ @7 (a) its v nfatitmmm&m 1 3c-p 

#§Ay F/Uftttttfr— ^ 0 H D o— 

H8 (A) (±, ±I2^t±SlBH^Wg|5 1 3CT^fi 

t^ny v )i®m,ffimo)¥ x Mm<D m*&? y n -a 

T&Sc S8 (A) tCfel^T, X7'y7°S ltlt ¥M 

7-^ D l 7fftiSS^;'f. 1 3 Afcltt*jLT7';-fey 
§ 0 dtUciO, Sfi©^>F^I»J$ESt,cSU:fc/N> F 

;n§nstt«©/N>' F;i/ftttt±i7-^ 0 h DmmMmm 

hVPftlftHJr— £ ehD^, feB^^gjl l 3 B^ 
B^^^ft^i±i7'-^0 TD^^n^'fLit^jAtJo 77 
■y7S 3T»tt, ^-r-Vft^t±i7-^0 TDfc^Uft/Ny 
H;I/ft 0150^7-^ (HPD) ^gH4l-§o -MilL 
T, ^7-Vft1M!7-^ 0 T D^jSDTf#?>tlS^7 F 

/l/ 1 Sis (3 6 OS) ©a^ F;l/ft^t±i7— ^ 6hD^ 
A^hU ^^yhf^AyF ;i/ft [hI$eHIX7- 
^i:-r§o x7-y7°S47ti, /\y F;l'ft^,1i7-^ 

(0hD) t^y^^nmmwf-^ chpd) 
iin 7 § M^^aa^tT ota> f >wmu\mc ts tfcA > 

F;l/ft^tn7'-^0 HD^#§„ 77>y7°S 5T*(i, m 
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A. TS3n{ifTl"lfe/j n)i:1 ! i])iiL > r/j\j T*2&fttf£ 

i: g/JMI 0 H D m i nfcWSo H^JfcbT, n^F 

frtDfcmWi^ 7 s - $ e h d %m o 

MflfiLT*#v-»#07*— #*3BttU fro, Mfr^££ 
i: D , SflOTI L fcr £ ©fil^JIAfiS 6 H Dm 10 
ax (07 (A) #19 t-TSo Sft, /^H;l/©£|a] 

LT^*©^©x-^i5ttu fro, jgfrrsctfc 

cfcO, gft(cIB1iL/c-r , -^^fi^rl/J>fie HDm i n 
(07 (A) #H§) fc-TSo ftfe, X77^S6T1J:, 

sr^fttttHteH^ww 1 3 da^s*?* itfi^ s a * 

AjjL /::.Fkh'rc , 0 H Dm a x fcJR/JMi 0 H Dm 

s»i j ^ 1 3 c Ffrnmfo-T-z e hd«m/v 20 

file II Dm a x ^iii'Mlrte H D in i n £%%ktt\? t 
[0 0 2 5] ^^^ttffl«H¥Ba5 1 3 D'Clt, fug 
07 (B) tt, ^W^ftttWWiB^gaPl 3 DTltSJ* 

ii»©*>f*ftfciiiT-*eTD^ is^ffix-^eT 

£ 6 T D g fc ©HM*gVf 8££En*fc3 „ B 8 ( B ) 30 
S^yiO— W^f^a-HTftSo 12 8 (B) tc£© 
ft^dB^-^eTD^^jAtyc Xf7 7"S 1 21?tt, 

T©nW:V^ F;HHHtot¥iJ^-rSo frifrSW^&frSl! 
itt, a> F >b*Mi';j*ui? fe IsMET? t 5 <t 5 & 7 * - ? 

-$| £ LT, f£ffi 7 £» 1 3 A fr b ^ y FVFft ttlUf- 

SEft lt ©& ©Ji-a-tc , ^-i'-\'P-."'/frM v uL- umt z c 

X-r-y7°S 1 4 m My F;Vftfctfi«H¥&*flS 1 3C 50 
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tMir^ihft^S a*tU*-rSo Xx>y7°S l 5T?tt. 
^-Fft^ttix— £ 0 T D©tf— ^ffi-f&fo^itAfili 
ft/Nig £*3fctf>3o HHtt^ /^ F;]/©;fr|eJ$^fo 

©@igffiHKtt^3£*^ft;iatfjT-# 0 T D R# 

, 4-[ils%*aA,f£x- ^ t ffi®Mfr&^r£ 

file T Dm a x (H 7 (B) t tTlf §o *fc, 

tftffl7*-^ 8TDLW jAt?ttt, >|n|JU 0 jM,/ct 

-^*E1tU fro, SfTTSC^fcit), gft^lB'IS 

Lfcx-^Offi^g/WLie TDm i n (H7 (B) # 

»^eHDc? io j tu m^-^^mmc 

LrmXiU e T Dm a x ilg/J^S BTDmi nt ^5l<i6 
§tJ;t\ El cD J: a ^^"Vft ftttJKBB^SSP l 3 C 

Tf^-l'tftKIHJf-^flHDOl^fifl TDma xtf 
/Jvfjl 6TD m i n *ttm-r 5 C 1 1 «k D , SUKH^^I 

[0 0 2 6] 2 0CDJ1 

1 . 12 (± ^> *ffififc:WtT^J«lK^lSlR fcfe 
ffite^ffilL ii^vNy F;HU*E»c*f1-§^'i' J rftfra>5: 
So Z-<Dfrit>, 127 (B) fc^Stl5J:$fcx nl^ft': 7 

^tl^) e TDRt, Mm/i^iL c^-f^n^tHf 
(IXTs fe^+fctttHr-^fcl^) 6TDL 
SiffilK^^fuB^^^-Vft^tBx-^ 8TDcK 

R©yvy (/si) y^^ft^tH^-^ 6 I'D LCD 

^T, R © ^ -f «fe«tt:7? Ip] L © ^ 4^ 

^■Y-VfttfttU-r— * e T D L<Dffj>£%:mVte'?%> < & 

gfr^^o c:©*!^ £*-f-VftiftaJr-*e TDR© 

l^IflTDma x^S?PtCiSx-^©y-ry^M.IE 
L, /,;'/ f-V'ft^Hi-^ - ^0 I D I. ©r<'Ffr'i flTDmi 

*^l^BicM)S'ts^-r-vft^^ii•r , -^ e t d c f 

^m\\m^'r- : HB 1 3 Bi.JtJv-T, ±lE" : t»*&Bfc**fS 

Itttlx-^ e T D r t^^-r-vft^tts 0 T D L ©^v> 
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[0 0 2 7] 09Ji, *4~YF}®m>iWtt(K 1 " O'C 

fx* § y ^ > ffliEMficD- m^Tjkt y n - bit * « o 

fiiSHDma xfcfi/J^eHDmi nfc#&D&€?o X 

iDf-^ e t d R&ite^-r-vftttaix-* e T D L £r 

Jtti^nmwmirzmtttfmkK i , Kzt^mtat io 

5 tc N a> F/l/ft^Uix-^ 0 H D(0l^i8HDma 

6HDctOi (0HDma x-0HD c) frb&lb 
S 0 C©ijfr&, W>oS/n> KVl/fctttflv*— * 0 HD 
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